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Description 

[0001] The present invention relates to a method and 
apparatus for treating gases and solids in a fluid bed, 
the fluid bed reactor substantially comprising, regarded 
downstream, a mixing chamber, a riser pipe and a cy- 
clone with a solids return pipe to the mixing chamber. 
[0002] The present invention is advantageously appli- 
cable for reducing metal ores with hot reducing gases, 
in particular the hot waste gas from a smelting reduction 
vessel. The present invention is also particularly advan- 
tageous for the purifying and fast cooling of waste gases 
containing dangerous and problematic, e.g. glutinous, 
substances. 

[0003]' Fluidization is being applied increasingly in 
large-scale industrial practice. Processes for purifying 
hot contaminated waste gases from the metallurgical 
and chemical industries have become known, for in- 
stance, that are based on the technology of the circulat- 
ing fluid bed. The unproblematic recovery of heat in this 
procedure is stated as an additional advantage. 
[0004] For example, Australian patent 553 033 de- 
scribes a method in the so-called Fluxflow™ reactor for 
recovering heat from a gas loaded with melted drops 
that is brought in contact with the heating surfaces of a 
heat exchanger, characterized in that the gas tempera- 
ture before the heat exchanger is reduced below the eu- 
tectic temperature of the melted drops by admixing solid 
particles to the gas loaded with melted drops. The stated 
data for the described method are a gas rate of 3 to 20 
m/sec, a particle content of the gas of 10 to 500 g/mol, 
an inlet gas temperature of 300 to 1 500° C, an outlet gas 
temperature of 500 to 1200°C and an average particle 
size of 100 to 2000 micrometers. 
[0005] Another broad range of application for fluid bed 
technology is coal gasification. German patent no. 27 
42 644 relates to a method for continuous gasification 
of carbonaceous solids and an apparatus for carrying 
out this method. In this process the solids pass through 
at least three zones from top to bottom in a shaft-like 
vessel. The rates of the descending product stream are 
at most 5 m/min, and the flow rate of the fluidizing gas 
for keeping the solids in a whirled up state is at most 
about 6 m/sec. 

[0006] European patent application no. 03 04 931 re- 
lates to a method and apparatus for gasification or com- 
bustion of solid carbonaceous materials in a circulating 
fluid bed wherein the gas rate in the fluid bed reactor is 
kept at a high level of 2 to 10 m/sec and a considerable 
proportion of the solids is discharged from the reaction 
vessel with the gas, separated in a subsequent cyclone 
and then fed back to the reactor vessel. The preliminarily 
purified gas is then freed from the fine solids in a gas 
purifying facility. The process is characterized in that this 
fine material from the gas purifying facility agglomerates 
with the circulating material from the cyclone and is fi- 
nally also fed to the reactor vessel. With a circulating 
fluid bed reactor of the Fluxflow™ type, that is used for 



example for recovering heat from a hot gas stream or 
for treating solid particles with hot gases, the hot gas is 
fed into the reactor as a fluidizing gas through a usually 
circular port in the bottom. No grate is necessary for 

5 holding the fluid bed material in a Fluxflow 1 * reactor. 
This system of course also has some disadvantages, in 
particular when used on a large scale. The gases intro- 
duced into the fluid bed cannot always prevent heavy 
solid particles from falling out of the fluid bed counter- 
to currently through the inlet port on the bottom of the re- 
actor. Particularly the strong downward flow of the solid 
particles on the outer walls of the reactor causes parti- 
cles to flow out through the inlet port of the reactor. It is 
also known that turbulence in the solid-gas flow system 

15 increases these losses through the Inlet port. This back- 
flow of solid particles into the main process facility pre- 
ceding the fluid bed reactor can lead to problems and 
complicates the process control. Furthermore, the par- 
ticles or cakes of particles that fall through the inlet port 

20 can cause disturbances, turbulence and a reduced gas 
rate in the gas stream itself, thereby causing disturbanc- 
es in the buildup of the fluid bed in the mixing chamber. 
[0007] The problem on which the invention is based 
is accordingly to design a method and apparatus in such 

25 a way that no solid particles escape from the mixing 
chamber through the inlet port countercurrently to the 
introduced gases when gases are introduced into a mix- 
ing chamber with a fluid bed of solid particles. A further, 
more specific problem on which the invention is based 

30 is to design a method and apparatus for reducing metal 
ores by the fluid bed technique, that Is advantageously 
applied here, in such a way that very hot reducing gases, 
for example waste gases from a smelting reduction ves- 
sel, are fed at a temperature over 1700° C directly into 

35 the mixing chamber and cooled in the mixing chamber 
to a favorable reduction temperature whereby no appre- 
ciable amounts of solid particles escape from the mixing 
chamber countercurrently into the reducing gas feed 
pipe. An additional objective of the invention is to design 

40 the method in such a way that it can be advantageously 
operated in conjunction with a smelting reduction proc- 
ess. 

[0008] This overall problem is solved by the invention 
as specified in claim 1. 

45 [0009] According to an advantageous embodiment of 
the invention the hot gas is introduced into the mixing 
chamber through a gas inlet pipe having a length (1) .to 
diameter (D) ratio l/D greater than 1 , and the downward 
marginal flow of the solid particles in the lower conic por- 

50 tion of the mixing chamber, that has an angle of inclina- 
tion smaller than 70°, is guided so as to meet the sub- 
stantially vertical upward flow of the hot gases at the gas 
inlet port of the mixing chamber at an angle of at least 
20°. 

55 [0010] The method according to the invention pre- 
vents solid particles from escaping into the gas inlet pipe 
on the bottom of the mixing chamber and causes all solid 
particles to leave the mixing chamber only in the direc- 
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tion of flow. 

[0011] When the inventive method is applied for re- 
ducing metallic oxides a fluid bed or circulating fluid bed 
is preferably used. The reactor comprises a mixing 
chamber in which the metal ores and the hot reducing 
gas are mixed, a cyclone for separating these solid par- 
ticles and the gases from the mixing chamber, a riser 
pipe that feeds the suspension stream of solid particles 
and gas from the mixing chamber into the cyclone, and 
a solids return pipe for transporting at least part of the 
solids from the cyclone into the mixing chamber. 
[0012] Contrary to the prevailing view that high blow- 
in rates in the mixing chamber lead to disadvantages, 
the inventive high inlet rate of the hot gases entering the 
mixing chamber (greater than 60 m/sec) has surprising- 
ly resulted in advantageous flow characteristics in the 
mixing chamber that are reflected in a number of posi- 
tive effects. The inventive high inlet gas rates in the mix- 
ing chamber unexpectedly result, not in the disadvan- 
tages described in the prior art, but in the advantageous 
effects now explained in more detail. 
[0013] By applying the invention in a Fluxflow™ reac- 
tor one can achieve a selective temperature adjustment 
of the mixture of solid particles, such as metal ore, sand 
or waste gas dust, and hot gas, such as waste gas from 
the smelting reduction vessel or waste gas from a fur- 
nace chamber. 

[0014] For this purpose part or ail of the inner surface 
of the mixing chamber is positively cooled, for example 
water-cooled, according to the invention. Part of the in- 
ner wall of the mixing chamber can be lined with one or 
more layers of refractory material, including positively 
cooled areas. By selecting the ratio of positively cooled 
inner surface not lined with refractory material to inner 
surface insulated with refractory material one has a first 
possibility of control for adjusting the temperature of the 
fluid bed mixture in the mixing chamber. A further pos- 
sibility of control results from the selection of the coolant 
that flows through the cooling ducts of the inner surface 
of the mixing chamber. For example one can use water, 
oil, water vapor, compressed air or mixtures thereof. 
[001 5] A further measure for controlling the tempera- 
ture of the fluid bed mixture in the mixing chamber is to 
regulate the supplied amount of new solid particles, 
such as metal ore. Furthermore, coolants such as water 
vapor, water and/or oil can also be sprayed directly into 
the mixing chamber. 

[0016] An essential feature of the invention results 
from the use of the mixing chamber as a cooler for the 
hot reducing gas as soon as the inlet temperature of the 
reducing gas is higher than the optimal reduction tem- 
perature for the metal ores. The reducing gas used is 
mainly the waste gas from a smelting reduction vessel. 
Its temperature is normally clearly above the required 
advantageous reduction temperature. This waste gas is 
customarily loaded with dust and passes into the mixing 
chamber at a relatively high speed in the center from 
one side, for example from below. According to the in- 



vention the inlet rate is over 60 m/sec, and it can vary, 
for example in accordance with the particle size and the 
specific weight of the particles, the fluid bed height in 
the mixing chamber, the total amount of circulating fluid 
5 bed material, the dimensions and form of the mixing 
chamber. 

[0017] The minimum speed is also dependent to a 
certain extent on the operating pressure of the hot intro- 
duced gases. The minimum gas rate is lower at a higher 

10 operating pressure. In the case of waste gas from a 
smelting reduction facility the pressure in the smelting 
reduction vessel can also influence the pressure in the 
mixing chamber. For example, if the inventive method 
is applied under otherwise equal conditions the inlet gas 

15 rate in the mixing chamber can be at least 120 m/sec at 
an operating pressure of about 1.5 bars and at least 85 
m/sec at an operating pressure of about 3.5 bars. 
[001 8] The flow pattern arising in the mixing chamber 
is determined by the relatively high inlet gas rate and 

20 also by the form and dimensions of the gas inlet pipe 
and the lower portion of the mixing chamber. This en- 
sures according to the invention that the fluid bed re- 
mains in the mixing chamber and the temperature of the 
hot gases is optimally reduced. In the reduction of metal 

25 ores the fast cooling of the gases leads to a fast tem- 
perature decrease in the introduced reaction gases to a 
temperature advantageous for reduction, and the good 
mixture of gas and solids results in their uniform reduc- 
tion in the fluid bed. I n a Fluxflow™ reactor the flow char- 
so acteristics can probably be imagined to be such that the 
flow approximately follows the axis of symmetry in the 
center, going in the opposite direction on the vessel wall- 
ing. This results in an inner circulating flow. With the typ- 
ical vertical position of the mixing chamber there is an 

35 ascending flow in the center of the vessel and a de- 
scending flow on the outer wall of the vessel. 
[0019] According to the invention the cone angle of 
inclination of the lower portion of the mixing chamber 
and thus the downflow direction of the particles is limited 
to less than 70°, preferably 45° to 70°. The inlet port for 
the hot gas is preferably disposed in the center of the 
lower conic portion of the mixing chamber. The mixing 
chamber also comprises a cylindrical central portion and 
an upper conic area with the central port for the connect- 

45 ed riser pipe. It has proven to be particularly advanta- 
geous for the lower conic portion of the mixing chamber 
to form an angle of inclination with the horizontal be- 
tween 45° and 70° since particularly preferred flow char- 
acteristics surprisingly result at this angle. If this angle 

50 of inclination, i.e. the angle of inclination of the walls in 
the lower conic area of the mixing chamber, is greater 
than 70° the downflow of the particles increasingly ap- 
proaches the vertical direction and the particles can then 
pass into the gas feed pipe at high speed. These parti- 

55 cles that escape from the mixing chamber and are thus 
lost to the fluid bed can also lead to crusts in the gas 
inlet pipe and therefore prove to be problematic for the 
gas flow. 
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[0020] The gas inlet pipe is inventively constructed so 
as to have a length to diameter ratio l/D greater than 1 
in order to ensure that particles or particle agglomerates 
possibly passing into the gas feed pipe disintegrate 
there and are transported back into the mixing chamber 
by the high gas rate in the inlet pipe. 
[0021] According to the invention the solid particles 
leave the mixing chamber together with the reducing 
gas only in the direction of flow, i.e. they flow solely into 
the subsequent riser pipe. The discharge of solid parti- 
cles from the mixing chamber into the gas feed pipe con- 
trary to the direction of flow is probably prevented by the 
high inlet gas rate of more than 60 m/sec. In particular 
if the inventive method is combined with a smelting re- 
duction facility, whereby the particles present in the fluid 
bed in the mixing chamber have dimensions greater 
than 1 mm and a specific weight D greater than 4 g/cm 3 , 
this effect is particularly advantageous if the gas rate 
immediately before the inlet port of the mixing chamber 
is at least 100 m/sec. 

[0022] In other applications, for example for cooling 
and/or purifying hot gases from gas turbine combustors, 
gasifiers or other high-temperature processes such as 
sintering plants, in a fluid bed with a main particle size 
of 4 to 200 micrometers and a specific weight D less 
than 4 g/cm 3 the inventive method can be successfully 
used for preventing particles, for example flue dust, from 
passing out of the mixing chamber into the gas feed 
pipe. The rate of the hot gases immediately before the 
inlet port of the mixing chamber is then preferably ad- 
justed between 60 and 80 m/sec. 
[0023] As already mentioned, the invention can be 
successfully employed in processes for reducing metal 
ores. The optimal temperature for reducing the metal 
ores prevails in the riser pipe of the fluid bed reactor. 
The measures for temperature adjustment are already 
described. In practice one can start out from the known 
mean temperature and amount of reducing gas, and 
known substance feeding rates for ore, returns from the 
cyclone, including earner gas and various additives, for 
example slag forming agents. A thermal balance can be 
set up on this basis and the theoretical gas temperature 
at the exit of the mixing chamber calculated. This theo- 
retical gas temperature is normally above the optimal 
reducing gas temperature, and the heat dissipation and 
the ratio of positively cooled to refractorily lined inner 
wall surfaces in the mixing chamber must be fixed ac- 
cordingly so that the reducing gas temperature at the 
entrance to the riser pipe corresponds to the desired 
temperature. 

[0024] The vertical position of the mixing chamber 
with the reducing gas inlet port at the bottom on the mix- 
ing chamber in the area of the axis of symmetry and the 
riser pipe connected to the mixing chamber on the op- 
posite side constitutes an advantageous design of the 
invention but is not the only possible construction. 
[0025] The amount of solids recycled from the cyclone 
to the mixing chamber, which can be partly reduced me- 



tallic oxides for example, then rises again with the fluid 
bed of the mixing chamber, thereby maintaining the 
function of a circulating fluid bed. It is possible to use 
two or more cyclones in a fluid bed reactor, e.g. in order 

5 to improve the separation of fine dusts. 

[0026] Any desired proportion of the product stream 
can be branched off from the solids return pipe and fed 
to further processing steps or a storage tank. It has 
proved to be particularly advantageous and within the 

10 scope of the invention to feed the partly reduced metallic 
oxides directly, i.e. in the still heated state, to a smelting 
reduction facility, for example the smelting reduction 
vessel in which the waste gas for the mixing chamber 
arises. 

is [0027] The density of the fluid bed varies in different 
parts of the facility. The fluid bed density, i.e. the density 
of the suspension of solid particles and gas, is thus be- 
tween 10 kg/m 3 and 200 kg/m 3 , but preferably between 
20 and 100 kg/m 3 , in the mixing chamber. In the con- 

20 nected riser pipe the product stream density is lower, 
and in the upper portion, i.e. before entrance into the 
cyclone, it is 2 kg/m 3 to 30 kg/m 3 but preferably 3 kg/ 
m 3 to 10 kg/m 3 . In the connected solids return pipe from 
the cyclone to the mixing chamber the product stream 

25 density is normally above the values before entrance in- 
to the cyclone. 

[0028] The mixing chamber is an important facility for 
the Fluxflow™ reactor to which the inventive method re- 
lates. It is normally a rotationally symmetrical, prolate 

30 type of vessel having at the lower end the connection 
for the reducing gas feed pipe and passing at the upper 
end into the riser pipe. The free diameter of the riser 
pipe is normally greater than the free diameter of the 
reducing gas feed pipe. The solids return pipe ends in 

35 the mixing chamber. New material, for example non-pre- 
reduced or raw metal ore, is fed to the process in the 
mixing chamber via a separate connection. 
[0029] The invention shall be explained in more detail 
with reference to the drawing and an example. 

40 

Fig. 1 shows a schematic representation of the mix- 
ing chamber of an apparatus to vehicle the inventive 
method relates [2 times] in cross section, and 

45 Fig. 2 shows a schematic representation of an ap- 
paratus to vehicle the inventive method relates [2 
times] in cross section. 

[0030] Fig. 1 shows a schematic representation of the 
50 longitudinal section through the mixing chamber of a flu- 
id bed reactor as is used when the invention is applied 
for reducing metal ores. 

[0031] The mixing chamber 14 comprises a lower 
conic portion 1 , a cylindrical body 2 and an upper conic 
55 portion 3. The reducing gas flows into the mixing cham- 
ber via pipe 4 that has diameter D 5 and length 1 1 5. The 
ratio of Jength I 15 to diameter D 5 I/O is greater than 1. 
In the area of the reducing gas inlet port of the mixing 
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chamber one can provide a ring nozzle 6 that is subject- 
ed to various gases in order to suppress crusts of gluti- 
nous waste gas solids and favorably influence the flow 
pattern in the mixing chamber. 

[0032] The mixing chamber can also have a square 
or rectangular/elongate cross section. In this case, in 
which the inlet port is also square or rectangular, the 1/ 
D ratio refers to the ratio of length to the shorter side 
length of the inlet port. 

[0033] Shell 7 of the mixing chamber is made of steel 
sheet This shell can be wholly or partly positively 
cooled. In this case it is completely water-cooled (not 
shown). Lower cone 1 and partly also cylindrical body 2 
are provided with a refractory lining 8. This refractory 
lining is mainly, for insulation in order to adjust the heat 
dissipation of the fluid bed in the mixing chamber. 
[0034] Riser pipe 9 having diameter 1 0 is directly con- 
nected to the mixing chamber. The solids pass back into 
the mixing chamber from the cyclone via solids return 
pipe 11. The pipe for feeding fine-grained raw ore into 
the fluid bed of the mixing chamber is not shown. 
[0035] A preferred detail of the mixing chamber is low- 
er conic vessel portion 1 , in particular angle of inclination 
12 for this cone. This lower vessel portion can be conic 
as shown here but other forms are also possible, e.g. in 
reactors with a rectangular cross section. Advanta- 
geous flow patterns for the fluid bed result with a central 
gas inlet port in the lower conic portion of the mixing 
chamber if angle of inclination 12 for conic portion 1 is 
45° to 70° . For example an angle of inclination 1 2 of 65° 
has proven useful. 

[0036] Fig. 2 shows a schematic representation of a 
fluid bed reactor on the principle of Fluxflow™ technol- 
ogy. 

[0037] The gas-solid suspension flows from mixing 
chamber 14 through riser pipe 9 into cyclone 16 via ad- 
mission port 15. In cyclone 16 the gas and solids are 
separated. The process gases leave the cyclone via gas 
outlet port 17 with a low fine dust loading. 
[0038] The solids pass out of the cyclone through gas 
outlet pipe 18 and are partly recycled into mixing cham- 
ber 14 through solids return pipe 19. Another part of the 
solids can be fed for further use through downpipe 20. 
[0039] The circulating solids from discharge pipe 18 
pass via solids return pipe 19 into lower, usually conic 
portion 1 of mixing chamber 14. The hot gases, for ex- 
ample the hot reducing gas from a smelting reduction 
facility, also flow via pipe 4 into this portion 1 of the mix- 
ing chamber 14. 

[0040] This pipe 4 for the hot gases that are supplied 
to lower portion 1 of mixing chamber 14 can be designed 
in different ways. The design of pipe 4 depends on the 
temperature of the hot inlet gases, on the one hand, and 
on the geometry and the distance involved in the adap- 
tation of the Fluxflow™ reactor to the gas producer, on 
the other hand. 

[0041] In case of low gas temperatures pipe 4 can be 
designed as a simple steel pipe; in case of higher gas 



temperatures this pipe is provided on the inside with a 
refractory insulating lining. For adaptation to a smelting 
reduction facility it has proven useful for example to re- 
place this pipe directly by a bricked up channel. 

5 [0042] In any case the length of this channel or the 
other stated pipes is clearly longer than the diameter of 
this hot gas feed pipe. It has proven advantageous to 
work with an l/D ratio greater than i in order to reliably 
prevent solid particles from falling back into this pipe. If 

10 large agglomerates of solid particles fall back into this 
gas inlet pipe from the mixing chamber they are dis- 
solved into smaller solid parts there again, probably due 
to the high speed of this turbulent gas flow, and trans- 
ported back into the mixing chamber by the flow. This 

15 advantageous effect has proven useful in particular with 
the specifically lighter dusts that are normally fed to the 
mixing chamber at a lower flow rate of over 60 m/sec. 
With specifically heavier solid particles, for example 
from a smelting reduction facility with specific weights 

20 of greater than 4 g/cm 3 , the flow rate is usually clearly 
higher, mostly over 100 m/sec, and experience has 
shown that solid particles no longer fail back into the hot 
gas feed pipe at this gas rate. 

[0043] As a non restrictive example of the method for 
25 reducing metal ores in a fluid bed, the description will 
now relate to the prereduction of iron ore. The inventive 
process is an integral part of a smelting reduction facility 
for producing molten iron here. 

[0044] To produce 500 t of molten iron a day in the 
30 smelting reduction facility 831 t of fine-grained ore are 
prereduced in the fluid bed together with slag forming 
agents and fed to the smelting reduction vessel in the 
heated state. The waste gas from this smelting reduc- 
tion vessel, with an analysis of 16 % CO, 10 % C0 2 , 3.6 
35 % H 2 , 10 % H 2 0, 60.4 % N 2 , temperature 1680°C and 
a dust loading of 2.9 t/h, flows directly into the mixing 
chamber of the fluid bed at a rate of 72,000 NrrfVh and 
an inlet rate of 120 m/sec. In the inlet area of the mixing 
chamber there is a ring nozzle through which gas addi- 
40 tionaily flows In, particularly to counteract crusts that can 
form here from the entrained glutinous dust of the waste 
gas. 

[0045] The mixing chamber and the tower half of the 
riser pipe are water-cooled. About 350 NrrrVh of water 
45 flow through the cooling system, being heating thereby 
from 50°C to 80°C. 

[0046] Along with the stated waste gas, 32 tm of ore 
and a multiple of this amount of prereduced ore are in- 
troduced into the mixing chamber via the solids return 
50 pipe. Part of the prereduced amount of ore is fed to the 
smelting reduction vessel (not shown in the Figure). The 
prereduced ore has a mean analysis of 24 % Fe 3 0 4 , 58 
% FeO, 4 % Si0 2 , 7.6 % CaO, 2.6 % Ai 2 0 3 , temperature 
850°C. 

55 [0047] In the riser pipe the fluid bed temperature is 
900°C, and the solids flow together with 80,000 Nm3/h 
of gas through the riser pipe into the cyclone. 
[0048] The waste gas used for prereduction has a rel- 
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ativery low reduction potential since it comes from a 
smelting reduction process that works with an afterburn- 
ing of about 50 % of the reaction gases CO and H 2 . It is 
of course within the scope of the invention to use reduc- 
ing gases having a higher reduction potential and thus 
leading to a better degree of reduction for the metal ores. 
The flexibility and the possibility of combining this meth- 
od with other processes or process steps is an advan- 
tageous feature of the invention. 



Claims 

1. A method for treating gases and particulate solids 
in a fluid bed in a circulating fluidized bed reactor, 
comprising a mixing chamber, a riser pipe connect- 
ed to the upper end of the mixing chamber, a cy- 
clone connected to the riser pipe and a solids return 
pipe connecting the cyclone with the mixing cham- 
ber, the mixing chamber being connected at its low- 
er end to the gas feed pipe, 

in which method 

the gases and particulate solids are introduced 
into the mixing chamber and mixed, 
the gases and particulate solids are discharged 
from the mixing chamber and fed through the 
riser pipe into the cyclone, and 
the separated particulate solids are partly recy- 
cled to the mixing chamber, 

characterized in that 

the gases are introduced into the mixing cham- 
ber at a rate of more than 60 m/s through the 
gas feed pipe 

having a free diameter smaller than the free di- 
ameter of the riser pipe and having a length to 
diameter ratio of more than 1 , and 
that the product stream densities of the suspen- 
sion of solid particles and gas are adjusted in 
the mixing chamber to 10 to 200 kg/m 3 and in 
the riser pipe before the cyclone to values of 2 
to 30 kg/m 3 . 

2. The method of claim 1, characterized in that the 
downward marginal flow of the solid particles in the 
mixing chamber is guided so as to hit the stream of 
hot gases introduced into the mixing chamber, at an 
angle of at least 20°. 

3. The method of one or more of claims 1 to 2, char- 
acterized in that hot reducing gas is introduced into 
the mixing chamber at an inlet rate of at least 100 
m/sec. 

4. The method of one or more of claims 1 to 3, char- 
acterized in that hot reducing gas is introduced into 
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the mixing chamber, solid particles with a specific 
weight greater than 4 g/cm 3 are located in the fluid 
bed of the mixing chamber, and the wash of solid 
particles out of the mixing chamber is effected only 
downstream. 

5. The method of one or more of claims 1 to 4, char- 
acterized in that the temperature of the fluid bed in 
the riser pipe is adjusted to a temperature favorable 
for the reduction of the metal ores in accordance 
with these metal ores. 

6. The method of one or more of claims 1 to 5, char- 
acterized in that a fluid bed temperature of 750 to 
1050°C, preferably 900°C, is adjusted for the re- 
duction of iron ores. 

J. The method of one or more of claims 1 to 6, char- 
acterized in that the temperature of the fluid bed in 
the mixing chamber is adjusted by varying the ratio 
of positively cooled to lined inside surface of the 
mixing chamber, varying the coolant, varying the 
coolant flow rate, varying the ore feed rate, adding 
cooling or heating agents. 

8. The method of claim 7, characterized in that the 
temperature in the mixing chamber is adjusted by 
combining all stated steps or by combining any 
number of the stated steps or by one of the stated 
steps alone. 

9. The method of one or more of claims 1 to 8, char- 
acterized in that the mixing chamber is used as a 
gas cooler for the reducing gas, in particular waste 
gas from a smelting reduction vessel. 

10. The method of one or more of claims 1 to 9, char- 
acterized in that the product stream densities of the 
suspension of solid particles and gas are adjusted 
in the mixing chamber to 20 to 100 kg/m 3 , and in 
the riser pipe before the cyclone to values of 3 to 
10 kg/m 3 . 

11. The method of one or more of claims 1 to 10, char- 
acterized in that the hot gases are introduced into 
the mixing chamber at a gas rate of 60 to 80 m/sec 
from a gas turbine combustor, a gasifier or another 
high-temperature process that produces hot gases, 
whereby solid particles mainly with a particle size 
of 4 to 200 micrometers and a specific weight of less 
than 4 g/cm 3 are present in the fluid bed, and no 
solid particles escape upstream into the gas feed 
pipe. 



Patentanspruche 

1 . Verfahren zur Behandiung von Gasen und kornigen 
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Feststoffen in einer Wirbelschicht in einem Reaktor 
mil zirkulierendem Wirbelbett, 
der eine Mischkammer v ein mit dem oberen Ende 
der Mischkammer verfoundenes Steigrohr, einen 
mit dem Steigrohr verbundenen Zyklon und eine 
Ruckfuhrleitung fur Feststoffe umfasst, die den Zy- 
klon mit der Mischkammer verbindet, wobei die 
Mischkammer an ihrem unteren Ende mit einer 
Gaszufuhrieitung verbunden ist f 
wobei bei diesem Verfahren 

die Gase und die kornigen Feststoffe in die 
Mischkammer eingefuhrt und gemischt wer- 
den, 

die Gase und die kornigen Feststoffe aus der 
Mischkammer abgegeben und durch das 
Steigrohr in den Zyklon eingefuhrt werden, und 
die abgetrennten kornigen Feststoffe teilweise 
zur Mischkammer rezirkuliert werden, 



che 1 bis 4, dadurch gekennzeichnet, dass die Tenv 
peratur der Wirbelschicht im Steigrohr in Oberein- 
stimmung mit den Metallerzen auf eine Temperatur 
eingestellt wird, die fur die Reduktion dieser Me- 
tallerze vorteilhaft ist. 

6. Verfahren nach einem oder mehreren der Anspru- 
che 1 bis 5, dadurch gekennzeichnet, dass fur die 
Reduktion von Eisenerzen eine Temperatur der 
Wirbelschicht von 750 bis 1050°C, vorzugsweise 
900°C, eingestellt wird. 

7. Verfahren nach einem oder mehreren der Anspru- 
che 1 bis 6, dadurch gekennzeichnet, dass die Tem- 
peratur der Wirbelschicht in der Mischkammer ein- 
gestellt wird, indem das Verhaltnis der zwangsge- 
kuhlten zur ausgekleideten Innenoberflache der 
Mischkammer geandert wird, das Kuhlmittel gean- 
dert wird, die Strdmungsrate des Kuhlmittels gean- 
dert wird, die Beschickungsrate des Erzes geandert 
wird, kuhlende oder erwarmende Mittel zugesetzt 
werden. 

8. Verfahren nach Anspruch 7, dadurch gekennzeich- 
net, dass die Temperatur in der Mischkammer durch 
Kombination aller aufgefuhrten Schritte oder durch 
Kombinatlon irgendeiner Anzahl der aufgefuhrten 
Schritte oder durch einen der aufgefuhrten Schritte 
allein eingestellt wird. 

9. Verfahren nach einem oder mehreren der Anspru- 
che 1 bis 8, dadurch gekennzeichnet, dass die 
Mischkammer ats Gaskuhler fur das reduzierende 
Gas, insbesondere Abgas aus einem Schmelzre- 
duktionsgefali, verwendet wird. 

10. Verfahren nach einem oder mehreren der Anspru- 
che 1 bis 9, dadurch gekennzeichnet, dass die Pro- 
duktstromdichten der Suspension aus festen Parti- 
keln und Gas in der Mischkammer auf 20 bis 100 
kg/m 3 und im Steigrohr vor dem Zyklon auf Werte 
von 3 bis 10 kg/m 3 eingestellt werden. 

11- Verfahren nach einem oder mehreren der Anspru- 
che 1 bis 10, dadurch gekennzeichnet, dass hei&e 
Gase mit einer Gasgeschwindigkeit von 60 bis 80 
m/s aus einem Gasturbinen-Combustor, einem Ver- 
gaser oder einem anderen Hochtemperaturverfah- 
ren, das heifte Gase erzeugt, in die Mischkammer 
eingefuhrt werden, wodurch feste Partikel, haupt- 
sachlich mit einer PartikelgroGe von 4 bis 200 nm 
und einem spezifischen Gewicht von weniger als 4 
g/cm 3 , in der Wirbelschicht vorhanden sind und kei- 
ne festen Partikel stromaufwarts in die Gaszufuhr- 
ieitung entweichen. 



dadurch gekennzeichnet, dass 

die Gase in die Mischkammer mit einer Ge- 
schwindigkeit von mehr als 60 m/s durch die 
Gaszufuhrieitung eingefuhrt werden, 25 
deren Wirkungsdurchmesser geringer als der 
Wirkungsdurchmesser des Steigrohrs ist und 
die ein Verhaltnis von Lange zu Durchmesser 
von mehr als 1 hat, und 

dass die Produktstromdichten der Suspension 30 
aus festen Partikeln und Gas in der Mischkam- 
mer auf 1 0 bis 200 kg/m 3 und im Steigrohr vor 
dem Zyklon auf Werte von 2 bis 30 kg/m 3 ein- 
gestellt werden. 

35 

2. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, dass die abwarts gerichtete Randstromung der 
festen Partikel in der Mischkammer so geleitet wird, 
dass sie in einem Winkel von mindestens 20° auf 
den Strom der in die Mischkammer eingefuhrten 40 
heiGen Gase trifft. 

3. Verfahren nach einem oder mehreren der Anspru- 
che 1 bis 2, dadurch gekennzeichnet, dass ein hei- 
ftes reduzierendes Gas mit einer Einlassgeschwin- 45 
digkeit von mindestens 100 m/s in die Mischkam- 
mer eingefuhrt wird. 

4- Verfahren nach einem oder mehreren der Anspru- 
che 1 bis 3, dadurch gekennzeichnet, dass heifJes so 
reduzierendes Gas in die Mischkammer eingefuhrt 
wird, feste Partikel mit einem spezifischen Gewicht 
von mehr als 4 g/cm 3 in der Wirbelschicht der 
Mischkammer angeordnet sind, und das Auswa- 
schen der festen Partikel aus der Mischkammer nur 55 
stromabwarts erfolgt. . 

5. Verfahren nach einem oder mehreren der Anspru- 
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Revendications 

1. Procede pour traiter des gaz et des solides en par- 
ticules dans un lit fluide dans un reacteur a circula- 
tion de lit fluidise, 5 

comprenant une chambre de melange, une 
conduite montante reliee a I'extremite supe- 
rieure de la chambre de melange, un cyclone 
relie a la conduite montante et .. to 
une conduite de retour de solides reliant le cy- 
clone a la chambre de melange, la chambre de , 
melange etant reliee a son extremite inferieure 
a la conduite d'alimentation en gaz, 

15 

procede dans lequel 

les gaz et des solides en particules sont intro- 
duits dans la chambre de melange et melan- 
ges, 20 
les gaz et des solides en particules sont de- 
charges de la chambre de m6lange et alimen- 
tes a travers la conduite montante dans le cy- 
clone, et 

les solides en particules separes sont partielle- 25 
ment recycles vers la chambre de melange, 

caracterise en ce que 

les gaz sont introduits dans la chambre de me- 30 

lange a une Vitesse de plus de 60 m/s a travers 

la conduite d'alimentation en gaz 

ayant un diametre libre plus petit que le diame- 

tre libre de la conduite montante et ayant un 

ratio de la longueur au diametre superieur a 1, 35 

et 

en ce que les densites du courant de produit de 
la suspension de particules solides et de gaz 
sont ajustees dans la chambre de melange a 
10 a 200 kg/m 3 et dans la conduite montante *o 
avant le cyclone a des valeurs de 2 a 30 kg/m 3 . 

2. Procede selon la revendication 1 , caracterise en ce 
que le flux marginal vers le bas des particules soli- 
des dans la chambre de melange est guide de ma- *5 
niere a rencontrer le courant de gaz chauds intro- 
duit dans la chambre de melange, a un angle d'au 
moins 20 degres. 

3. Procede selon au moins Tune des revendications 1 
et 2, caracterise en ce qu'un gaz reducteur chaud 
est introduit dans la chambre de melange a une Vi- 
tesse d'entree d'au moins 100 m/s. 

4. Procede selon au moins Tune des revendications 1 55 
a 3, caracterise en ce qu'un gaz reducteur chaud 

est introduit dans la chambre de melange, des par- 
ticules solides ayant un poids specifique superieur 



a 4 g/cm 3 sont disposees dans le lit de fluide de la 
chambre de melange, et le lavage ou decantage de 
particules solides de la chambre de melange est ef- 
fectue seulement en aval. 

5. Procede selon au moins Tune des revendications 1 
a 4, caracterise en ce que la temperature du lit de 
fluide dans la conduite montante est ajustee a une 
temperature favorable a la reduction des minerals 
de metal en fonction de ces minerais de metal. 

6. Procede selon au moins Tune des revendications 1 
a 5, caracterise en ce qu'une temperature de lit de 
fluide de 750 a 1050°C, de preference 900°C, est 
ajustee pour la reduction de minerais de fer. 

7. Procede selon au moins Tune des revendications 1 
a 6, caracterise en ce que la temperature du lit de 
fluide dans la chambre de melange est ajustee par 
variation du ratio des surfaces positivement refroi- 
dies aux surfaces doublees interieures de la cham- 
bre de m6lange, variation du refrigerant, variation 
de la Vitesse du flux de refrigerant, variation de la 
Vitesse d'alimentation en mineral, addition d'agents 
refrigerants ou chauffants. 

8. Procede selon la revendication 7, caracterise en ce 
que la temperature dans la chambre de melange 
est ajustee en combinant tous les points mention- 
nes ou en combinant n'importe quel nombre des 
points mentionnes ou par Tun des points mention- 
nes seulement 

9. Procede selon au moins I'une des revendications 1 
a 8, caracterise en ce que la chambre de melange 
est utilisee en tant que refroidisseur de gaz pour le 
gaz reducteur, en particulier de gaz de recuperation 
provenant d'un recipient de reduction de fusion. 

10. Procede selon au moins I'une des revendications 1 
a 9, caract6rise en ce que les densites de courant 
de produit de la suspension de particules solides et 
de gaz son ajustees dans la chambre de melange 
de 20 a 100 kg/m 3 , et dans la conduite montante 
avant le cyclone a des valeurs de 3 a 10 kg/m 3 . 

11. Procede selon au. moins I'une des revendications 
1 a 10, caracterise en ce que les gaz chauds sont 
introduits dans la chambre de melange a une Vites- 
se de gaz de 60 a 80 m/s depuis une chambre de 
combustion de turbine a gaz, un gazeificateur, ou 
un autre procede a haute temperature qui produit 
des gaz chauds, de telle sorte que des particules 
solides principalement ayant une taille de particules 
de 4 a 200 micrometres et un poids specifique de 
moins de 4 g/cm 3 sont presentes dans le lit de flui- 
de, et qu'aucune particule solide ne s'echappe en 
amont dans la conduite d'alimentation en gaz. 
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